Abstract: Density of states and geometrical structures of modified Lead zirconate titanate are investigated using density functional theory within local density approximation. The electronic properties and bond length variation have been studied in terms of electronic structure and bonding mechanism principles respectively. Hybridization between Ti 3d -O 2p states and ferroelectric distortion have been addressed as a theoretical approach, to rule the improvement of ferroelectric properties of Lead zirconate titanate. The analysis of Ga, Tl modified Lead zirconate titanate were found to diminish the hybridization between Ti 3d -O 2p states, the relaxed behavior lead to the reversal of the known ferroelectric distortion. Y, Ho, Yb and Lu modified Lead zirconate titanate compounds have a tendency to intense the ferroelectric stability, its exhibit higher hybridization between Ti 3d -O 2p states than pure Lead zirconate titanate, also the arrangement of the ions distortions is strongly the same as the more favoured ferroelectric states of Lead zirconate titanate.
Introduction
Due to the attractive features of Lead zirconate titanate (PZT), various theoretical and experimental studies have been reported in recent years. The high remnant polarization, high dielectric constant makes PZT one of the most widely used in many industrial applications. [1] [2] [3] The superior features of PZT are strongly associated with the strength of its intrinsic ferroelectric properties, thus a numerous efforts have been investigated to search the possibility of enhancing the ferroelectric properties of PZT. [4] [5] [6] [7] The structure of PZT (PbZr x Ti 1−x O 3 ) has the general formula ABO 3 , where Pb denotes A-site, Zr or Ti denotes B-site as represented in Figure 1 (a). Some kind of additives elements replace Pb ions to constitute A-site modified PZT, while some other replace Zr or Ti ions to form B-site modified PZT, the modification may include both A and B sites substitutions depending on the chemical valences of the additives ions. 8 In 1992, modern first-principles have been used effectively by Ronald Cohen 9 in order to explain the origin of ferroelectricity in perovskite oxides, the interaction between the Pb 6s and O 2p leads indirectly to increase the hybridization between Ti 3d and O 2p states, which further stabilizes the ferroelectric phase. One of striking results submitted by this work was found in the comparison between the calculated DOS of PbTiO 3 and BaTiO 3 , the indirect effect of the Pb-O interaction led to shrinkage in the Ti 3d state of PbTiO 3 (which is more ferroelectric) rather than Ti 3d state of BaTiO 3 . Therefore, the increasing of the ferroelectric effect in perovskite structures is associated with the reduction of Ti 3d state. The distortions of the PZT away from the ideal perovskite structure as indicated in Figure 1 
Results and Discussion
In order to test the modification effect on ferroelectric behavior of PZT, we made a comparison between the Ti 3d energy level in both pure and modified PZT. Figure 3 shows the DOS pattern of pure PZT which is in good agreement with the previous ab initio calculations. -PZT despite being donor type, the DOS shifted toward the low energy region, this is due to the occurrence of hole conduction of the additive ions which known as nominally donor system. 15 In the constructed supercell in Figure 2-( -PZT, there is a reduction in the bond length between A-site ions and the neighboring oxygen ions located in x-y plane as illustrated in Table 2 , which is an indication of strong hybridization in between A-site and O ions, this is necessary to stabilize the ionic displacement in PZT and hence improves the ferroelectric effect. The recorded data in Table 4 shows the bond lengths of Ga 
